Non-woven experimental samples of wound dressings, made from natural degradable polymers, were produced and investigated. High-porous membranes were obtained by electrostatic formation of solutions of copolymers of 3-hydroxybutyrate-co-4-hydroxybutyrate 
Introduction
Reconstructive medicine needs novel materials for effective regeneration of skin injured due to burns, traumas and surgical interventions.
There are hundreds of surgical and therapeutic devices for covering and healing skin defects and a great number of materials and drugs used to prepare these devices. The ideal wound dressing must fulfill normal functions of healthy skin, which includes antimicrobial potential, promote moist wound environment, permit exchange of gases, provide mechanical protection and be sufficiently elastic to fit the wound shape. One of the major challenges is to choose an ideal material, which can be processed and shaped as 3D-constructs.
One of the main factors in bioengineering of artificial tissues, determining successful formation of new tissue, is the adequate scaffold material.
Among the most promising cell scaffolds for derma restoration, nonwoven polymer membranes, produced by electrospinning, demonstrate better mechanical and biological properties, so as they have similar structure to that of mesh layer of derma, forming with the interlacing of collagen and elastin fibers (Sill, von Recum, 2008; Sharma et al., 2014 In accordance with the international systems of estimation of products, intended for the contact with the body and biological mediums, they must had no hazard effect and be examined with specific tests, depending on the purpose of the application. There are distinct requirements for toxicological safety for the medical materials, intended for prolonged direct contact with opened wound. Initial estimation of non-woven membranes included approaches with use of blood cells and protein, and toxicological studies in vivo, using small laboratory animals.
Materials and methods
Samples of ESF-nonwoven membranes of two types, made from randomly oriented and aligned fibers, were prepared by electrospinning of copolymers of P(3HB-сo-4HB) 2-6 wt % solutions, using a Nanon 01A automatic setup (MECC Inc., Japan). Resulting filaments of polymers were collected onto the target with the oriented or random manner; the solution feeding rate was 8 ml/h, the applied voltage 25 kV, and the working distance to the target 15 cm.
To assess the biological safety of non-woven membranes, human blood cells were used -red blood cells from whole donor blood and the donor red blood cells mass, and platelets also from whole blood of donors and donors platelet mass (GOST R ISO 10993-4-2011, part 4). Study was carried out by staining of blood cells with vital fluorochromic dyes, followed by analysis of activation of platelet adhesion (Khubutija et al., 2013) , the ratio of the main morphological types of erythrocytes, measurements of changes of hemoglobin content in blood, and hemolysis.
Determination of free hemoglobin was carried out spectrophotometrically, according to the method (Harboe, 1959) . In vivo tests of general toxic 
Results and discussion
Nonwoven membranes were fabricated from P(3HB-co-4HB) solutions with polymer concentrations between 2 and 6 wt % and viscosity 200-600 cP by stable electrospinning using a Nanon 01A set-up. Polymer concentration had significant influence to the diameter of the ultrafine fibers (Fig. 1) . The orientation of fibers in membrane and its diameter significantly influenced to the physical-mechanical properties of membranes. The tensile strength and Young's modulus of the membranes from aligned fibers was significantly higher, then the values of membranes from randomly oriented fibers (Table 1 ). The tensile strength of samples with aligned fibers was almost 10 times higher, than that of samples with randomly oriented fibers. On the other hand, fiber orientation had little if any influence on the elastic properties of samples, the parameter was of 98.95-127.74 %.
Surface properties of nonwoven membranes of copolymers P(3HB-co-4HB) are listed in Table 2 samples does not reduce the biological value of the blood cells (Fig. 2-3 , Tables 3-5) . Foremost, non-woven polymeric membranes did not have a negative effect towards erythrocytes. The number of damaged erythrocytes upon contact with P(3HB-co-4HB) membranes wasn't higher than in the control samples of intact erythromass (Table 3 , Fig. 2 ). Non-woven polymeric membranes did not have any destroying effect on erythrocytes integrity with two temperature regimes -22 ºС for 10 minutes, 1 and 24 hours; 37 ºС for 10 minutes and 1 hour.
For samples of oriented non-woven membranes, adhesion of all 3 types of blood cells was completely absent, regardless of the timing of exposure. Samples of non-oriented membranes Changed/damaged cells, % 11.9 11.9 11.8 12.1 11.9 11.6
Dead cells, % 3.1 3.1 3.2 3.2 3.3 3.7 Table 4 . Spectrophotometric determination of free hemoglobin in whole blood after the contact with P(3HB-co-4HB) membranes The hemoglobin content in the blood when it came into contact with samples of the test non-woven membranes, also did not change (Table 4) .
Evaluation of hemolytic effect of aqueous extracts of experimental samples of wound dressings was carried out with whole human donor blood. Mixture of water extracts, prepared, as described before, with whole blood, were made, and optical density of the solution was measured, relatively the 100 % hemolysis in the control, obtained with a sterile hypertonic saline solution.
Extracts from both types of membranes did not provoke a hemolytic effect on erythrocytes, the hemolytic activity in both experimental group was 0.06-0.10 %, with an allowable level of index for wound dressings and other surgical materials is of up to 2 % (Table 5) .
Special mention should be made of the results of the study of platelets, since these cells are very sensitive to changes in the conditions of their contents and high damage; in addition, the high ability of platelets to adhere to any surfaces, including biomaterials, is known. The morphology of platelets, contacted with the test samples of nonwoven membranes did not change, compared to the control -platelets of human plasma before the contact with the samples (Fig. 3 ).
The number of adhered platelets to the surface of membranes was counted compared to the value before the contact; there were no differences between control and experimental samples (Table 6 ).
Thus, the investigated samples of non-woven polymeric membranes as wound coatings have not activating influence for blood cells.
The general toxic effect of P(3HB-co-4HB) membranes was investigated in a short-term 7-day experiment with white mice after the intraabdominal injection of water extracts of membranes. Throughout the observation time, the animals did not exhibit any intoxication reactions. The behavior of the experimental mice was similar to that of the controls. The body weight and the mass of internal organs of the experimental animals were similar to those of the control groups (Table 7) .
The macroscopic examination of the internal organs of the animals in 7 days after the beginning of the experiment did not reveal any pathological changes (data not shown).
Concentrations of erythrocytes and leukocytes
in the peripheral blood of the control and experimental mice varied within physiological norm (Table 8) . No significant shifts were revealed in the leukocyte formula of the blood of the animals of experimental group.
Сonclusion
It was found, that the contact of P(3HB-co-4HB) membranes did not reduce the biological value of human blood cells, did not change the content of hemoglobin in blood, was not accompanied by changes in the hemolytic activity of isolated red blood cells in vitro also.
In the in vivo experiments no toxic effects of membranes were revealed. According to the studied parameters, non-woven membranes from P(3HB-co-4HB) could be use as scaffold materials for regeneration and bioengineering of skin. 
